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Revealed? current inhibition the “mystery messenger.”
In this issue of Neuron, Suh and Hille (2002) re-
attacked the question of the “mystery messenger” iden-
tity with a strategy opposite to that usually employed.
The identity of signaling elements that couple musca-
Instead of examining factors that influence the onset
rinic acetylcholine receptor (mAChR) activation to M
and magnitude of M current inhibition, they focused on
current (KCNQ K channels) modulation has remained factors influencing recovery from modulation following
unknown despite decades of study. Suh and Hille (in agonist removal. Inspired by elegant studies indicating
this issue of Neuron) demonstrate that activation of that several types of K channels (e.g., IRK, GIRK, KATP,phospholipase C (PLC) initiates M current modulation ROMK) are modulated by the consumption of the PLC-
and that recovery requires ATP and phosphoinositide substrate PIP2 rather than the products of enzymatic
4-kinase (PI 4-K). These data suggest that breakdown activity (Hilgemann et al., 2002), Suh and Hille (2002)
of phosphotidylinositol 4,5-bisphosphate (PIP2) is a reexamined the role of PLC- in conveying mAChR-
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activity. Indeed, the present study provides only circum-
stantial evidence for the role of PIP2, and further experi-
ments are required to directly establish that PIP2 is de-
pleted by receptor activation and to determine whether
Helping Thy Neighbors:PIP2 binds to and modulates KCNQ channel subunits.
A second question concerns the identity of the “soluble” Spillover at the Mossy
factor involved in M channel modulation. Cell-attached Fiber Glomerulus
patch clamp experiments (Selyanko et al., 1992) impli-
cate an intracellular molecule capable of diffusing into
the membrane region circumscribed by the patch elec-
trode. Does PLC diffuse laterally along the plasma mem- Neurotransmitter “spillover” between neighboring
brane, being perhaps attracted to regions of greater synapses challenges the principle of synapse specific-
PIP2 concentration by an affinity for PIP2? Conversely, ity. In this issue of Neuron, DiGregorio et al. (2002)
does PIP2 follow a concentration gradient and diffuse show that release from neighboring presynaptic sites
to regions depleted by PLC? Finally, is a molecule with contributes significantly to AMPA receptor-mediated
an affinity for PIP2 released from the membrane following postsynaptic currents at cerebellar mossy fiber syn-
PIP2 breakdown thus facilitating interaction with distant apses. Unexpectedly, spillover is predicted to improveM channels? A final question is whether voltage-gated
the reliability and reduce the variability of transmissionchannels other than K channels are modulated by a
at this glomerular synapse.similar mechanism. In sympathetic neurons, a form of
voltage-independent N-type Ca2 channel inhibition
Chemical synaptic transmission is a sloppy business.produced by mAChR activation has characteristics simi-
Consider first the process of neurotransmitter release. Inlar to those of M channel modulation (Bernheim et al.,
response to an action potential, release is probabilistic,1991; Shapiro et al., 1994). This begs the question as
with probabilities at most synapses hovering around 0.5.to whether the two signaling pathways share common
Making matters worse, once release occurs, diffusionelements.
quickly makes a mess of things. Initially, neurotransmit-A classical view of ion channels is that of transmem-
ter is constrained by the structure of the synapse. Vesi-brane proteins bobbing in a sea of lipids—with lipids
cles containing neurotransmitter fuse at active zonesmerely providing the necessary electrical insulation to
located directly across the synaptic cleft from targetmake charge movement a practical form of signaling.
receptors that sit in the postsynaptic density (PSD).The work of Suh and Hille (2002) adds the KCNQ family
However, shortly after release, problems mount. Withinof K channels to a growing list of ion channels critically
hundreds of microseconds, neurotransmitter moleculesdependent on the local lipid environment in which they
have fled the PSD (the area considered to form theare “floating.” Given the explosion of recent advances
in phospholipid-ion channel interactions, it seems pru- boundaries of the synapse). Outside of the synapse,
